to determine whether a dose-response relation could be observed between duration of lactation and the risk of breast cancer. Cases, women aged 20-75 years, were identified through six hospitals in Mexico City (n = 349) and were interviewed to obtain data on risk factors for breast cancer, including a detailed history of lactation. Controls (n = 1,005) were selected from the general population using the Mexican national sampling frame. Parous women who had ever lactated had a reduction in breast cancer risk (age-adjusted odds ratio (OR) = 0.39, 95% confidence interval (Cl) 0.25-0.62). A small decreasing trend of breast cancer risk in relation to duration of lactation (p < 0.001) was observed. Compared with parous women who had never breast-fed, women who had breast-fed for 12-24 months had an age-adjusted odds ratio of 0.47 (95% Cl 0.27-0.83). A stronger protective effect was observed with lactation duration for the first live birth among pre-and postmenopausal women (for 4-12 months of lactation, OR = 0.56 (95 percent Cl 0.32-0.96) and OR = 0.48 (95 percent Cl 0.29-0.81) in pre-and postmenopausal women, respectively). Adjusting for potentially confounding factors modified these results only slightly. The declining trend in fertility and lactation among Mexican women could lead to a major epidemic of breast cancer such as that observed in Western countries. Am J Epidemiol 1996;143:543-52.
Results from recent case-control studies suggest a significant protective effect of prolonged lactation on breast cancer that is independent of parity, essentially among premenopausal women (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Two cohort studies (13, 14) and various case-control studies (15) (16) (17) (18) (19) (20) have failed to find such an inverse association. However, these studies were largely confined to postmenopausal women, and most failed to examine the effect of total duration of lactation (3, 11) or included few women with prolonged lactation.
Until recently, prolonged lactation has been the norm among Mexican women. However, to date there are no data on the potential impacts of such a practice on breast cancer incidence. Therefore, as part of an ongoing multicenter case-control study, we examined the relation between breast cancer and lactation history, as well as whether a dose-response relation between lactation duration and breast cancer could be observed in a population of women among whom prolonged lactation is highly prevalent.
MATERIALS AND METHODS

Cases
We conducted a case-control study of breast cancer, diet, and different reproductive factors in Mexico City between September 1990 and December 1992. Newly incident cases of breast cancer were identified among women younger than 75 years of age who had been residents of the metropolitan area of Mexico City for at least 2 years. Cases were identified from six hospitals belonging to the two major health providers in Mexico City: the Social Security system, which provides health care to the formally employed and their families, and the Ministry of Health hospitals, which provide health care to the population that is not in the formal sector or that is unemployed. Cases from the private sector were not included, because the hospital participation rate was low. The hospitals that participated in our study provided medical care to 80 percent of cases reported to the Mexico City Tumor Registry.
Cases were selected among women attending the gynecologic clinic of the hospital for biopsy of a breast lump. A total of 506 women agreed to participate and completed an interview. All women for whom the biopsy confirmed the diagnosis of breast cancer were included as cases in the study (« = 349). The participation rate among the cases was 95 percent.
Controls
Controls were an age-stratified random sample of residents of the Mexico City metropolitan area, identified from 3,694 households randomly selected from the National Household Sampling Frame (21) . The selected households were visited by interviewers, who obtained a listing of women living there. Women aged 25-80 years who had been residents of the Mexico City area for at least 2 years were considered eligible controls. Limited numbers for each age group were established a priori to match the age distribution of cancer cases. Of the households visited, there was no eligible control in 28.4 percent, and the eligible control refused to be interviewed in 14.6 percent. Only one eligible control per household was included in the study.
Interviewers administered a questionnaire that asked about sociodemographic variables, potential risk factors for breast cancer (including lifestyle habits), and reproductive and gynecologic history; also included was a food frequency questionnaire. Information on lactation history included duration of lactation for each live birth, identification of breastfeeding as bilateral or unilateral, and reason for having breast-fed unilaterally. Cases referred for a breast problem were interviewed at the hospital before the breast cancer diagnosis to avoid influencing their responses to the questionnaire due to knowledge of their disease. In fact, 40 percent (n = 151) of the women interviewed as potential cases were diagnosed as having a benign breast disease. Controls were interviewed in their homes.
Analysis
The SAS (22) and Stata (23) systems were used for database management and statistical analysis. Univariate statistics were calculated for all variables. Variables measured on a continuous scale were explored in terms of their original distribution as well as in categories.
Analyses were performed for all women and for preand postmenopausal women separately. Information on type of menopause (natural or surgical) was obtained by questionnaire. Natural menopause was defined as 12 consecutive months of amenorrhea without an obvious cause.
The effect of lactation on the risk of breast cancer was studied, examining the effect of ever having lactated, total duration of lactation, and duration of lactation for the first and second liveborn children. An index of socioeconomic status (SES) was developed as suggested by Bronfman et al. (24) by combining five variables (number of persons living in the house, number of rooms in the house (excluding the kitchen and bathroom), availability of drinking water, sanitary conditions, and education of the head of the family).
Odds ratios and 95 percent confidence intervals were obtained from logistic regression models to evaluate the association between breast cancer and lactation and other potential risk factors, including age (in 5-year groups), SES (low, medium, or high), age at menarche (^11, 12, 13, 14, 15, or >16 years), age at first full-term pregnancy (<19, 20-29, or >30 years), parity (0, 1-2, 3-4, or S5), menopausal status (yes/ no), and family history of breast cancer (yes/no). Multivariate logistic regression was used to control for potentially confounding factors (25) . Testing for linear trend in logit risks with increasing exposure was carried out using the likelihood ratio test under the assumption of a linear relation (25) . To test for the existence of a trend associated with duration of lactation, we included a dichotomous variable for ever having lactated and a continuous variable for duration of lactation (0, 1-3, 4-12, 13-24, 25-36, 37-60, or 61 months) simultaneously in logistic regression models.
RESULTS
The associations between breast cancer and selected risk factors are presented in tables 1 and 2. SES was positively related to breast cancer risk among pre-and postmenopausal women. Late age at first birth increased the risk of breast cancer. When the birth occurred after age 29 years, women had an approximately twofold increase in the risk of breast cancer in comparison with women who had their first child at age 19 years or younger (age-adjusted odds ratio (OR) = 1.91, 95 percent confidence interval (CI) 1.12-3.24). This effect was stronger among postmenopausal women. Multiparous women had a lower risk of breast cancer than nulliparous women. We observed a decreasing trend in the risk of breast cancer with an increasing number of liveborn children (test for trend: p < 0.001). Family history of breast cancer was a strong risk factor among both pre-and postmenopausal women.
Fourteen percent of c<>ses and 3.7 percent of controls had never had children and were excluded from the analysis of the relation between breast cancer and lactation. Among parous women who had been diagnosed with breast cancer, 37 percent were premenopausal (n = 112) and 63 percent were postmenopausal (n = 189).
Parous women who had ever lactated had a breast cancer risk of 0.47 (95 percent CI 0.30-0.73) compared with parous women who had never lactated. Adjusting by age, the protective effect of lactation increased slightly (OR = 0.39, 95 percent CI 0.25-0.62).,This effect was present among both premenopausal women (age-adjusted OR = 0.48,95 percent CI 0.26-0.89) and postmenopausal women (age-adjusted OR = 0.29, 95 percent CI 0.14-0.59) (tables 3 and 4).
Duration of lactation, even short-term, was also associated with a reduction in breast cancer risk.
Women who had breast-fed for up to 3 months had an age-adjusted odds ratio of 0.48 (95 percent CI 0.23-0.96) compared with parous women who had never breast-fed. Women who had breast-fed for 37-60 months had an age-adjusted odds ratio of 0.27 (95 percent CI 0.15-0.49), and women who breast-fed for more than 60 months had an odds ratio of 0.23 (95 percent CI 0.13-0.39). After adjustment for SES, parity, age at first full-term pregnancy, family history of breast cancer, and menopausal status, results remained similar; we also observed a significant decreasing trend in the risk of breast cancer associated with total duration of lactation (test for trend: p < 0.0005) (table  3) . This protective effect was more evident for postmenopausal women. Among premenopausal women, a long duration of lactation did not substantially modify figure 1 ).
Long-term lactation was protective against breast cancer when lactation with the first live birth was examined. Women who had breast-fed their first child for 4-12 months had an age-adjusted breast cancer risk of 0.53 (95 percent CI 0.37-0.77). We observed a significant decreasing trend in the risk of breast cancer with increasing duration of lactation among pre-and postmenopausal women (tests for trend: p < 0.001 and p < 0.001, respectively). Results remained similar after adjustment for potentially confounding factors. Duration of lactation with the second liveborn child appeared to have a smaller impact on risk and was significant only among postmenopausal women (tables 3 and 4).
We conducted additional analysis to determine the impact of lactation duration in months after accounting for whether a woman had ever breast-fed. We observed a decreasing trend in breast cancer risk with additional lactation time (/3 = 0.89, 95 percent CI 0.79-0.99) that was significant among postmenopausal women (|3 = 0.85, 95 percent CI 0.74-0.98). When lactation duration with the first child was considered, we observed a strong protective effect of additional lactation time (j3 = 0.74, 95 percent CI 0.62-0.87) for all women. This effect was observed separately for premenopausal (/3 = 0.79, 95 percent CI 0.61-1.00) and postmenopausal (j E CI 0.58-0.89) women. There was also a significant decreasing trend in breast cancer risk in relation to number of children breast-fed (test for trend: p < 0.001). Similar results were observed among pre-and postmenopausal women, although this protective effect was more pronounced among postmenopausal women (tables 3 and 4).
SES appeared to be a strong risk factor for breast cancer in our population, and women who did not breast-feed were more likely to be of high SES (10.3 percent in the high SES group vs. 5.4 percent in the low SES group). Therefore, we repeated our analyses, stratifying data by SES. The observed odds ratios for ever lactating were 0.43 (95 percent CI 0.14-1.30) for women of low SES, 0.47 (95 percent CI 0.23-0.97) for women of medium SES, and 0.56 (95 percent CI 0.26-1.18) for women of high SES.
We calculated the total number of months of lactation that took place during the first 6 months after delivery for each woman, to explore the impact of this period of lactation (the period when inhibition of ovulation and estrogen is thought to occur (26)). Controlling for known breast cancer risk factors, women with a lifetime accumulation of >12 months' lactation during the 6 months after delivery had a twofold decrease in the risk of breast cancer when compared with parous women who had never breast-fed. Results were similar for pre-and postmenopausal women (OR = 0.48, 95 percent CI 0.23-1.03, and OR -0.39, 95 percent CI 0.18-0.86, respectively).
0.72, 95 percent DISCUSSION
In this study, we found an inverse relation between lactation duration and breast cancer risk. The observed trend between duration of lactation and risk of breast cancer was small and was significant only among postmenopausal women. We observed that most of the protective effect was associated with lactation duration with the first live birth. This association was present among both pre-and postmenopausal women and persisted after potential confounders such as SES and parity were accounted for. Some authors have suggested that lactation with the first child and perhaps the second child may be of special significance (3, 8) .
Some limitations of our study require special consideration. Selection bias may have been a problem in our study to the extent that women with certain characteristics may seek care for a breast problem and be overrepresented in our case series. However, the bias would be introduced only to the extent that these characteristics are associated with breastfeeding patterns.
We think it is unlikely that our results are explained by selection bias, for two major reasons. First, we observed that when we used as a control group women who visited a clinic for breast biopsy but were diagnosed as having benign breast disease, results were similar (data not shown). Second, we believe it is unlikely that a woman would be included in the study as a breast cancer case based on her lactation history, given that the information was collected before the diagnosis of breast cancer and the interviewers were not aware of the hypothesis being tested.
SES could act as a confounder or an effect modifier in that it was associated with risk of breast cancer, frequency of breastfeeding, and parity. However, our results were affected little when we stratified women according to their socioeconomic level.
Because cases were interviewed at the clinics and controls in their homes, differences may have been introduced in responses by participants. However, the observation that results were similar when hospital controls were analyzed suggests that this source of bias is unlikely as an explanation for our findings. If this bias did occur, lactation histories would probably be more complete among breast cancer cases, leading to underestimation of the real protective effect of lactation.
Our results are concordant with those of recent studies that have reported a protective effect of lactation on breast cancer risk (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Some previous studies found a protective effect among parous women regardless of menopausal status (1, (7) (8) (9) , whereas others found this effect in premenopausal women only (2, (10) (11) (12) . In these studies, a significant dose-response effect was observed, although the minimal duration necessary to achieve a significant reduction in risk varied considerably (11) . Earlier case-control studies (15) (16) (17) (18) and two recent cohort studies (13, 14) did not find a protective effect of lactation. It has been suggested that failure to examine the relation between lactation and breast cancer risk according to menopausal status, as well as potential misclassification of data on lactation history, may explain discordant findings between studies (11).
In our study, a large number of women had breastfed for an extended period (mean = 46 months, standard deviation 54 months), which resulted in high power for studying a dose-response effect of lactation on breast cancer risk. We observed a significant protective effect for as few as 3 months of lactation and a major protective effect after 36 or more months of lactation.
However, among premenopausal women, we did not observe a significant decreasing trend in breast cancer risk in relation to total duration of lactation, although we did observe a strong protective effect when lactation duration with the first child was considered. Several factors may explain this. First, in our population, parity and duration of lactation were strongly correlated (r = 0.71), and therefore the specific effects of these factors on breast cancer risk were difficult to disentangle. Duration of lactation with the first child was less correlated with parity (r = 0.37), and its effect could be more accurately determined.
Second, the timing of lactation with the first child may be more important, because during the first pregnancy and lactation, the mammary cells undergo maturation, which may be protective against the carcinogenic process. In our population, women were more likely to lactate at an early age (mean = 21 years, standard deviation 5 years). It has been suggested that this is a protective factor which could act due to both the timing of exposure and the latency effect (12).
Newcomb et al. (11) reported that no association of risk and lactation duration was observed for women who had lactated less than 10 years before diagnosis. This could partly explain the strong protective trend observed among premenopausal women in relation to lactation duration with the first child, given the relatively young age of the premenopausal breast cancer cases in our population (median age, 39 years). However, because data were sparse, we could not fully explore the modifying effect of age at first lactation.
Different hypotheses may explain the protective effect of lactation. Direct action on the pituitary gland or on ovarian activity would change the woman's postpartum hormonal status, which would reduce estrogen levels through suppression of ovulation. As a result, total cumulative exposure to estrogen would be reduced, which could inhibit initiation or growth of breast cancer (3, 27) . The strong protective effect on breast cancer risk that we observed using cumulative months of lactation in the early postpartum period (^6 months) tends to support this hypothesis.
Another hypothesis to explain the protective effect of lactation is that it may "flush out" carcinogens (3). Experimental studies that have evaluated the induction of breast tumors in mice have documented more tumors in nipple-excised breasts than in normal breasts. The obstruction of the nipple resulted in prolonged exposure to carcinogens (28) (29) (30) , whereas on the suckled side, the carcinogen was excreted in the milk. Some authors have also observed that exogenous chemicals are secreted into the breast ducts of nonlactating women, suggesting that normal physiologic secretory activity may result in exposure of breast epithelium to ingested or inhaled environmental carcinogens (31). Furthermore, comparisons of patients who had breast-fed unilaterally with patients who had breast-fed from both breasts indicate a significant increased risk of cancer in the unsuckled breast (32).
Because breastfeeding is highly prevalent in Mexico, the reason for not breastfeeding could be associated with an underlying risk factor for breast cancer. Byers et al. (2) have suggested that successful lactation could be seen as an indicator of a normally balanced endocrine system, and unsuccessful lactation, conversely, as a correlate of an underlying hormonal imbalance that might cause increased subsequent risk of breast cancer. However, even if parous women who had not breast-fed had an underlying risk of breast cancer, this would not explain the dose-response relation that was observed between duration of lactation and breast cancer.
During the interview, we did not collect information on the use of hormones to suppress lactation and reasons for not breastfeeding. However, in Mexico, hormonal treatments to suppress lactation are seldom used, and lactation is promoted throughout the public health sector. Published articles on studies conducted in Mexico mention that the most frequent reasons for not breastfeeding reported by mothers are: a perception of insufficient milk, a lack of confidence, a lack of knowledge regarding the nutritional value of maternal milk, rejection by the infant, a lack of postpartum breastfeeding guidance, the practice of providing artificial milk to new mothers in some health institutions, and health problems of the mother or the child (33).
Lactation appears to play an important role in protecting women from breast cancer. Because of changes in women's lifestyles, lactation is decreasing in Mexico, and young women tend not to breast-feed or to shorten the duration of lactation (34). In association with the strong decline in the fertility rate, this decreasing trend in lactation may be responsible for the increasing incidence of breast cancer observed in the Mexican population. Although a better understanding of the physiologic changes that occur during lactation is necessary to determine the main mechanism by which lactation may protect women from breast cancer, breastfeeding is certainly a cost-effective intervention that should be promoted to protect the health of both mother and infant.
